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Do you hear what I see? An audio-visual paradigm to assess emotional egocentricity bias.






We often use our own emotions to understand other people’s emotions. However, emotional egocentric biases (EEB), namely the tendency to use one’s own emotional state when relating to others’ emotions, may hinder this process, especially when emotions are incongruent. We capitalized on the classic EEB task to develop a new version that is easier to implement and control. Unlike the original EEB task that relies on a combination of private (e.g. touch) and public (e.g. vision) sensory information, our EEB task (AV-EEB) used audio-visual stimuli to evoke congruent/incongruent emotions in participants. Auditory and visual signals are both public, in that they can be shared among individuals, and make the task easier to implement and control. We provide lab-based and online validations of the AV-EEB, and demonstrate a positive relationship between EEB and social negative potency. This new, easily implemented version of the EEB task can accelerate the investigation of egocentricity biases in several research areas.





















Our ability to represent the internal state of others is underpinned by shared neural activations between self and other (e.g., Jenkins, Macrae, & Mitchell, 2008; Lamm, Bukowski, & Silani, 2016; Singer et al., 2004). As such, several models in social neuroscience are based on the notion that first-person affective representations are used as a basis for emotional understanding of others (Bastiaansen, Thioux, & Keysers, 2009; Decety & Lamm, 2009; Mitchell, 2009; Singer & Lamm, 2009). Critically, however, self-other distinction (i.e., the ability to distinguish self from other related mental representations) plays an important role in social cognition and in empathy in particular. Given that attributing emotional and mental states to others seems to be influenced by egocentric tendencies (Greenwald, 1980; Nickerson, 1999; Royzman, Cassidy, & Baron, 2003), such processes may hinder our ability to understand other people’s emotions, especially when emotions are incongruent. Advances in social neuroscience, together with the development of new experimental paradigms, indicate that an additional mechanism is recruited in cases of emotional incongruency between self and other. In particular, by developing the emotional egocentricity bias (EEB) task, Silani and colleagues (2013) found that the right supramarginal gyrus (rSMG) serves as an additional mechanism for self-other distinction in the context of emotional judgements. 
Overcoming EEB is crucial for minimizing interpersonal conflict while also allowing us to relate to others, particularly when the self vs. the other’s emotional states are incongruent. For example, when we feel sad we may falsely assume that the other person is sad as well, while they are in fact happy, which may consequently lead to a biased or incorrect representation of others’ emotional states. Moreover, egocentricity is a prominent feature of several mental disorders (e.g., psychopathy and narcissism; Decety, Chen, Harenski, & Kiehl, 2013; Emmons, 1987; Exner, 1973). Although our knowledge of EEB in relation to clinical populations remains scarce (c.f., autism and depression, e.g., Hoffmann, Koehne, Steinbeis, Dziobek, & Singer, 2016), this phenomenon has been explored in healthy subjects by means of the EEB task (Silani, Lamm, Ruff, & Singer, 2013). Using simultaneous visuo-tactile stimulation in a pair of participants, this paradigm elicits pleasant or unpleasant feelings which are congruent or incongruent between self and other. Here an egocentric bias arises when the empathetic judgements about the other’s emotional state is affected by one’s own emotional state. 
For example, studies have used it to assess how EEB develops across the lifespan. Specifically, employing a paradigm closely matched to the one used by Silani and colleagues (2013), it has been found that EEB is stronger in 7-12 year old children as compared to adults (Hoffmann, Singer, & Steinbeis, 2015; Steinbeis, Bernhardt, & Singer, 2015). Moreover, using the classic EEB task (Silani et al., 2013), recent studies have examined the relation between age and EEB. In particular, findings suggest a U-shape relationship between age and EEB, with enhanced EEB in adolescents and older adults (Riva, Triscoli, Lamm, Carnaghi, & Silani, 2016). Interestingly, such findings are in line with lifespan development of the rSMG, which reaches full maturation by the end of adolescence and goes through an early decay (Sowell et al., 2003). Furthermore, using this paradigm, research has sought to examine whether our ability to overcome EEB may be gender or context-dependent. For example, while acute stress generally increases prosocial behavior by intensifying the sharing of others’ emotions (Tomova et al., 2017), EEB may actually increase or decrease depending on gender. Specifically, it has been shown that women under stress show an increase in their ability to overcome EEB, as compared to men (Tomova, Von Dawans, Heinrichs, Silani, & Lamm, 2014). Moreover, using a monetary version of the EEB task, it has been shown that people possess a general tendency to simulate what they would experience themselves in a similar social comparison situation when judging other’s emotional states (so-called internal offline EEB), which is independent of their own current emotional state. However, when time pressure is high, they simply project their current emotional states onto others ( Steinbeis & Singer, 2014). Taken together, these findings suggest that EEB fluctuates across the lifespan, and that our ability to overcome it depends on individual and socio-contextual factors.
	However, the potential impact of these studies in the field of social and affective neuroscience is constrained in two ways that we aim to address in this study. The first restriction is that the classic EEB paradigm (Silani et al., 2013) relies on overcoming EEB by means of conflicting feelings between self and other while using two senses: one private and the other public (Tsakiris, 2011). Specifically, in this visuo-tactile paradigm, participants are asked to rate how pleasant or unpleasant it is to be touched by a pleasant/unpleasant material for themselves (self judgement) or for the other person (other judgement) by looking at a picture on the screen. Thus, participants receive simultaneous information about themselves via touch (i.e., a private sensory channel in the sense that touch is specific to the person experiencing it) and for the other person via vision (i.e., a public sensory channel, as visually perceived events are shared and experienced by all perceivers). While this feature of the classic EEB task allows us to better disentangle neural signals, this sensory divide may produce an asymmetry at the level of phenomenal experience, as affective information for the self is given to the self privately while affective information for the other is translated from a private channel (the other’s tactile experience) into a public one (vision). In other words, private proprioceptive information and bodily states (which are already a crucial component for emotions) are weighted against exteroceptive, publicly available information about the other. To overcome this asymmetry between the private and public sensory dimension, one could use two ‘public’ senses, such as audition and vision of affective content that can be shared among individuals in a way that tactile content cannot. For example, we may receive touch in our daily life but it is usually in a specific social context and the feelings it elicits are experienced solely by the person being touched, whereas we often receive sensory information (with affective content, e.g., music, films) from other sensory channels (e.g., vision, audition) that other people can also experience and thus relate to them. The second restriction is that the classic EEB paradigm is not easy to implement and it may be difficult to control for certain parameters of the tactile stimulation (e.g. pressure, active versus passive touch) that may affect the standardized use of the task. 
Therefore, we developed a modified EEB task, namely the audio-visual EEB (AV-EEB). Similar to the classic EEB paradigm (Silani et al., 2013), our paradigm induced incongruent and congruent emotions between a participant and another person by means of unpleasant or pleasant audio-visual stimulation. As such, it was necessary for participants to disregard their own emotional state during incongruent trials. Critically, we can infer the presence of EEB and quantify its magnitude if these incongruent trials show a shift in the empathetic judgement of the other person’s emotion towards the own emotion of the participant. The AV-EEB was validated in one initial behavioural experiment as well as in two follow-up online experiments, making this task viable for assessing EEB online even when there is no other person physically present. 
Using these methods, we also conducted exploratory analyses on the relationship between EEB and individual differences in self-reported alexithymia, body awareness and social reward. While other studies have looked at self-other distinction in rather affectively neutral contexts ( e.g. explicit recognition of self or other’s actions, Tsakiris, 2008), the EEB task has a strong affective component. In fact, participants are not explicitly asked to distinguish between self and other, but rather we can interpret from their pattern of EEB how well this distinction is effected. Thus, we consider the EEB task relevant for investigating self-other distinction in the context of affective experience. As such, our predictions in relation to alexithymia and body awareness were twofold: On the one hand, given studies indicating that people with higher interoceptive accuracy experience own emotional experience with greater intensity (Barrett, Bliss-Moreau, Quigley, & Aronson, 2004; Pollatos, Kirsch, & Schandry, 2005), we expected that the higher the body awareness (typically used as a measure of interoceptive sensitivity), the higher the EEB. On the other hand, given studies suggesting that at least for the more affective components of empathy, people with higher interoceptive accuracy show greater empathy (Grynberg & Pollatos, 2015; Shah, Catmur, & Bird, 2017), we expected lower EEB. Similarly for alexithymia (e.g., see Bird et al., 2010 for a negative association between alexithimia and empathy), and given its negative association with interoceptive accuracy (Herbert, Herbert, & Pollatos, 2011), we expected that people with higher alexithymia would show greater EEB. By contrast, within an emotional approach, we expected lower EEB in people with higher alexithymia, as they possess emotional processing deficits, possibly making them more susceptible to other’s emotional states. Finally, as part of our exploratory analyses on individual differences and EEB, we also examined the relationship between different aspects of social reward and EEB. Reward-associated and affiliation-associated networks have been implicated in empathy and compassion (Preckel, Kanske, & Singer, 2018), which could be extended to differences in EEB. In particular, we hypothesized there would be higher EEB in self-centred reward domains such as negative social potency and admiration, which have been associated with narcistic or callous/inconsiderate traits towards others (Foulkes, Viding, McCrory, & Neumann, 2014). 
2.	Materials and Methods
We report the results of three experiments with a total sample size of 160 healthy participants. First, we conducted a lab-based behavioral experiment (N=30) to validate the EEB task. Second, we performed an exploratory pilot online study (N=30) to examine whether this task could be implemented online (and without another person present). In a third follow-up online study (N= 100) we provide a replication of the online EEB task, and also examine the relationship between EEB and individual differences, such as levels of alexithymia (Bagby, Parker, & Taylor, 1994), body awareness (Cabrera et al., 2018; Porges, 1993) and social reward (Foulkes et al., 2014). 
2.1	Behavioral Experiment
The aim of this initial behavioral experiment was to establish and validate the experimental procedures of the audio-visual paradigm to assess EEB. 30 healthy participants (18 female, 12 male; Mage = 24.62, SDage = 9.56) were recruited via Royal Holloway University of London (RHUL) Psychology Subject Pool and were compensated for their participation with £5. The study was approved by Royal Holloway’s Ethics Committee. The sample size was determined based on prior power calculations (f(U) set at 0.574, G*power 3.1) in accordance with effect sizes (e.g., ηp²=0.074)  and sample sizes (e.g., N=24 in behavioral study 2) reported in prior experimental studies validating the EEB task (Silani et al., 2013). Participants were recruited in same-gender pairs, unknown to each other. Participants each sat in front of a PC, and were separated by a black curtain so they could not see each other’s emotional responses. (They were asked not to speak to each other during the experimental session). After giving written informed consent, participants were told that in the main task each one of them would be listening to some sounds and these sounds could be pleasant or unpleasant. Simultaneously, they would be presented with a picture on the screen that depicts what the other person is listening to. After each trial, they had to rate their own experience of listening to each sound (“self judgement”), or the experience that they thought the other person had had (“other judgement”). Following these instructions, participants were asked to wear headphones (the volume was always set to the same intensity) and they gave baseline ratings separately for the pictures and sounds that were employed in the main task. The stimuli consisted of eight pictures that were matched with eight sounds (4 positive and 4 negative). These stimuli had been validated in a pretest, in which a separate set of participants had been asked to evaluate the valence, arousal and congruency (see supplementary materials for more details). Table 1 shows the stimuli used in this and all the experiments reported below. Following baseline pleasantness and arousal ratings of the stimuli (see Supplementary Material), participants were presented with eight randomized trials wherein the matched audio-visual stimuli were presented for 3 seconds simultaneously (e.g., the sound of bees with an image of bees), in order for them to know what picture matches each sound. 

Table 1. List of Stimuli
Sounds	Pictures	Valence
Applause	Applauding crowd	Pleasant
Party	People in a party	Pleasant
Seagulls	Seagull 	Pleasant
Baby laugh	Baby laughing	Pleasant 
Attack	Woman being attacked	Unpleasant 
Dentist drill	Dentist with a drill	Unpleasant
Bees	Bees	Unpleasant
Baby cry	Baby crying	Unpleasant




After familiarization with the stimuli and a short practice trial, participants were presented with a black and white picture on the screen (16x28.5 cm, viewing distance ∼40 cm) and with a label on top of the picture reading “The OTHER person is listening to”. Visual presentation in both participants was accompanied by simultaneous audio presentation for 3 seconds (the volume of the headphones was set at 25% of the maximum output). Immediately after the 3 seconds of stimulus presentation, participants were asked to judge the experienced pleasantness or unpleasantness of the stimulation. This was done by presenting the question “How pleasant was the sound for you?” or “How pleasant was the sound for the other?”, depending on the judgement (self vs. other) condition, and this was rated using a visual analogue scale (VAS) ranging from -10 “not at all” to +10 “extremely” (the cursor to-be-moved along the -10 to +10 range was initially showed at the 0 position; a perpendicular line marked the 0 position for the participants reference). In the self-judgment condition, participants had to judge their own emotions resulting from a trial, whereas in the other-judgment condition participants had to judge the emotions of the other participant. In the congruent trials, both participants listened to stimuli of the same valence (negative or positive), whereas in the incongruent trials one participant listened to positive sounds while the other participant listened to negative sounds, as depicted by the picture on the screen. The self- and other- judgement blocks were divided into two, creating a total of four mini-blocks: two for self - and two for other-judgement. Each mini-block consisted of 16 pseudorandomized trials, with 8 pleasant (4 congruent/ 4 incongruent) and 8 unpleasant (4 congruent/ 4 incongruent) audio-visual stimuli. As such, there were 64 experimental trials in total. The order of the mini-blocks was counterbalanced across participants as well as within gender. The experimental set up resulted in a three-factorial design (see Figure 1) with the factors target (self judgement, other judgement), valence (pleasant, unpleasant) and congruency (congruent, incongruent). The study took approximately 30 minutes to complete. 






This experiment served as a pilot to replicate findings of the Behavioral Experiment, and also to assess the feasibility of the EEB task online, as its online use can, in principle, accelerate progress and data collection in different research areas. 30 participants (17 female, 13 male; Mage =24.43, SDage = 5.20) were recruited online via Prolific (https://prolific.ac/ (​https:​/​​/​prolific.ac​/​​)) prescreened for approval rating (i.e., how well participant performed in previous studies) at >70%. They were paid £3.50 for their time (∼20 minutes). The online experiment was created on the online research platform Gorilla (Anwyl-Irvine, Massonnié, Flitton, Kirkham, & Evershed, 2018). After giving written consent, participants were given the instructions for the main task (which were the same as above, except that they were told that they were going to be paired with another participant online). Next, they were asked to wear headphones or to set their speakers at a normal volume, so long as they were in an isolated, quiet place. As in the behavioral experiment, participants were then presented with eight randomized trials wherein the matched audio-visual stimuli were presented for 3 seconds simultaneously in order for them to know what picture matches each sound. To make participants believe they were completing the EEB task with another participant online, participants were given a fake ID number and then matched with another fake ID number following a 10s count-down clock to illustrate a pretend search for another available participant at that moment. Upon completion of the online study, participants were debriefed about the element of deception.




Figure 2. Top panel: example of an experimental trial and screen display. The top left box is an example of the 3 s stimuli presentation; the top middle box is an example of the other judgement condition, which appeared following stimuli presentation; the top right box is an example of the other judgement condition, which appeared following stimuli presentation. Bottom panel: The middle and right bottom boxes illustrate the catch trials that appeared both in the self/other judgement conditions. In these examples, the correct responses are “applause” and “seagulls” respectively. 

2.3	Online Experiment 2
This experiment aimed to provide a replication of the online EEB task, and to explore the role of individual differences in alexithymia, body awareness and social reward. 100 participants (32 female, 68 male; Mage =26.88 SDage = 5.47) were recruited online via Prolific (https://prolific.ac/ (​https:​/​​/​prolific.ac​/​​)) prescreend for approval rate (>70), and were paid £3.50 for their time (∼25 minutes). The online experiment was created on the online research platform Gorilla (Anwyl-Irvine et al., 2018). This experiment followed the same procedure as the Online Experiment 1. In this sample, nine participants were excluded because they got less than 75% catch trials correct (i.e., three or more incorrect), resulting in a total sample size of 91 participants. 
In addition to the EEB task, participants completed the Toronto Alexithymia Scale (TAS-20; Bagby et al., 1994), Body Awareness – Very Short Form (Cabrera et al., 2017) and the Social Reward Questionnaire (SRQ; Foulkes et al., 2014). The TAS-20 is 20 item is designed to measure alexithymia (i.e., trouble identifying and describing emotions as well as externally oriented focus). It is a well-validated measure. In the present sample, Cronbach’s alpha was α = 0.81 for the total score. The Body Awareness – Very short form is a 12 item measure of autonomic state and reactivity. It is a well-validated measure, showing convergence with other measures (Cabrera et al., 2017). In the present sample, Cronbach’s alpha was α = 0.89. Finally, the SRQ measures the value of different rewards. It consists of 23 items divided into six subscales: admiration, negative social potency, passivity, prosocial interactions, sexual reward and sociability. It has good test-retest reliability and internal consistency (Foulkes et al., 2014). In the present sample, Cronbach’s alpha for each subscale was α = 0.85, 0.77, 0.83, 0.74, 0.77 and 0.81, respectively. 
As a manipulation check, we also assessed at the end of the experiment whether participants thought they had actually completed the task alone or in pairs. Specifically, they were told that about half of the participants had completed the task in pairs (i.e., with another participant online) and half alone. They were then asked what they thought about their participation (i.e., “were you in the half that completed the task with another person, or in the other half?”). At the end of the study, participants were debriefed about the element of deception.
Data Availability: Materials and data-sets are available at the Open Science Framework 
https://osf.io/wy6b5/ (​https:​/​​/​osf.io​/​wy6b5​/​​) 
3.	Results
For each experiment, we conducted a repeated measures ANOVA specifying Target (self-judgement, other judgement), Congruency (congruent, incongruent) and Valence (pleasant, unpleasant) on the rating data. As in Silani et al. (2013), the presence of EEB was investigated by looking for a specific interaction of congruency by target. Specifically, based on their findings, we assessed whether the difference between incongruent vs. congruent judgements is higher for judgements about the other versus the self. Moreover, we were not expecting a three-way interaction of congruency by valence by target, as the sign of emotion judgements related to unpleasant stimulation were inverted for these analyses. Effect size is presented as partial eta-squared (ηp²), where .01 represents a small effect size, .06 represents a medium effect size, and .14 represents a large effect size (Cohen, 1988). 
Furthermore, we also calculated an EEB score for each experiment. As in past studies (e.g., Silani et al., 2013, Riva et al., 2016) this score was extracted by calculating the difference between ‘other-judgment’ ratings for incongruent vs. congruent audio-visual trials (∆ 1 : incongruent minus congruent) for pleasant and then unpleasant trials. Then, as a control for unspecific aspects such as incongruence detection or stimulus conflict, the differences between incongruent and congruent audio-visual trials in the ‘self-judgement’ (∆ 2: incongruent minus congruent) for pleasant and unpleasant trials were always subtracted from this ‘other-judgment’. Specifically, we used the following equation:  [-1*( ∆ 1 pleasant – ∆ 2  pleasant ) + (∆ 1 unpleasant –∆ 2  unpleasant )]/2 

3.1	Behavioral Experiment 
	Analyses of the ratings showed that a main effect of Target, F(1,29)=6.26, p=.018, ηp²
= .18, and of Congruency, F(1,29)=22.98, p<.001, ηp²= .44, were statistically significant. There was no main effect of Valence, F(1,29)=1.13, p=.296, ηp²= .04, and Valence did not interact with Target, F(1,29)=.02, p=.878, ηp²=.00, or Congruency, F(1,29)=1.95, p=.174, ηp²= .06. Importantly, the expected Target x Congruency interaction, F(1,29)=11.102, p=.002, ηp²=.28, was statistically significant, indicating the presence of the EEB. In addition the absence of a three-way interaction with Valence, F(1,29)=.071 p=.792, ηp²= .00, indicates that the EEB is of similar size for pleasant and unpleasant emotions. Inspection of the pattern of results indicated that the Target x Congruency interaction was driven by a significantly larger difference between incongruent and congruent other-related judgements [target other: congruent – incongruent (mean/SE) = 3.67/.86, planned comparison difference, F(1, 29)= 18.48, p<.001] than for self-related judgements [target self: congruent – incongruent (mean/SE) = 0.86/.27, planned comparison difference, F(1, 29)=9.95, p=.004]; see also the plot and the explicit computation of EEB below (Figure 3). Taken together, these results suggest that the difference between incongruent vs. congruent is higher for judgements about the other relative to the self, which indicates the presence of the egocentricity bias. Indeed, the mean for the computed EEB score was 2.82 (SD= 4.64) 
3.2	Online Experiment 1










Analyses on the ratings showed that a main effect of Valence, F(1,90)=20.05, p<.001, ηp²=.18, and Congruency, F(1,90)=36.23, p<.001, ηp²= .28, and their interaction, F(1,90)=7.64, p=.007, ηp²=.08, were statistically significant. There was no main effect of Target, F(1,90)=.2.18, p=.143, ηp²=.02, and Target did not interact with Valence, F(1,90)=.68, p=.413, ηp²= .01. As expected, we observed a Target x Congruency interaction, F(1,90)=15.33, p<.001, ηp²=.15. In addition the absence of a three-way interaction with Valence, F(1,90)=1.12 p=.293, ηp²=.01, indicates that the EEB is of similar size for pleasant and unpleasant emotions. Inspection of the pattern of results indicated that the Target x Congruency interaction was driven by a significantly larger difference between incongruent and congruent other-related judgements [target other: congruent – incongruent (mean/SE) = 1.18/.37 , planned comparison difference, F(1, 90)= 30.24, p<.001] than for self-related judgements [target self: congruent – incongruent (mean/SE) = 0.34/.16, planned comparison difference, F(1, 90)=12.91, p=.001]; see also the plot and the explicit computation of EEB below (Figure 3). Thus, as in the previous experiments, these results suggest that the difference between incongruent vs. congruent is higher for judgements about the other relative to the self. Indeed, the mean for the computed EEB score was 0.84 (SD=2.06)
Is there a relationship between EEB and alexithymia, body awareness or social reward?





Figure 4. Correlations between EEB scores and the subscales of the Social Reward Questionnaire. Please note that this questionnaire does not yield a total score. The only significant relationship found was between negative social potency and EEB score, p<.05. 

Manipulation check: Did you complete the task alone or in pair? 
	As expected, more participants they thought they had completed the task in pairs (i.e., with another participant online; N=58) versus alone (N=33). Moreover, given unequal sample sizes, we conducted a bootstrap t-test for independent samples to examine whether there was a difference in EEB scores in relation to their belief about completing the task alone vs. in pairs. Results indicate higher EEB in participants who thought they had completed the task in pairs (M= 1.10, SD=2.31) vs. alone (M=.40, SD=1.45), however this difference was not significant at alpha = 0.05 level, Mdiff=.70, SE=.39, p=.081.
3.4	Meta-analysis
To determine the overall evidence that the Behavioral, Online 1 and Online 2 Experiments provide for an EEB effect, we conducted a fixed-effects meta-analysis using the metaphor package (Viechtbauer, 2010) for R software. Across the three experiments, we calculated the overall effect size (beta coefficient) for the Congruency x Target interaction. A forest plot presenting the result of this analysis is shown in Figure 5. Across the three experiments, we found evidence for the effect of EEB, with a mean estimated effect size of 0.17, 95% CI: [0.08– 0.25], z = 3.69, p < 0.001. The Q statistic was calculated to examine whether effect sizes across experiments were homogenous (i.e., whether these three studies produced a statistically equitable effect size for the comparison of the effect of EEB) and no heterogeneity was detected: Q(2) = 1.23, p = 0.540, indicating that the difference between experiments was not larger than would be expected from a sampling error, i.e. chance alone. 

Figure 5. Forest plot for the fixed-effects meta-analysis conducted across the three Experiments: Behavioral, Online 1 and Online 2. Across the three experiments, the mean estimated effect size was of 0.17, 95% CI: [0.08– 0.25]

4.	Discussion 
In recent years, advances in social neuroscience together with the development of new experimental paradigms have allowed us to infer the presence of EEB and to quantify it. However, the classic visuo-tactile EEB paradigm (Silani et al., 2013) relies on two senses that may not only have different implications for the self (i.e., one private and one public), but also make this paradigm difficult to implement. Thus, the present study aimed to develop a new experimental paradigm to assess EEB, one that would engage vision and audition and also one that can be more easily implemented in both lab-based and online experimental settings. Our paradigm induced pleasant or unpleasant emotions that were congruent or incongruent between the participant and another person. We investigated the presence of EEB through a shift in the empathic judgment of the other person's emotion toward the participant's own emotion during incongruent trials. Using this EEB audio-visual paradigm, we were able to detect the existence of EEB in healthy adults both in the lab and online, making this task viable for online studies, as the use of such tasks has recently accelerated in several research areas. In addition, we show a positive relationship between EEB and social negative potency. These findings and their implications are discussed in more detail below. 
4.1	Does the AV-EEB paradigm work and can it be implemented online? 
Consistent with previous research (Hoffmann et al., 2015; Riva et al., 2016; Silani et al., 2013; Steinbeis et al., 2015), the results of our behavioural and online studies suggest that healthy adult participants show emotional egocentric tendencies, to a certain degree. In all of our three studies, we observed a significant EEB with a large effect size (ηp² =.28, .14, .15; respectively, with a mean estimated effect size of 0.17 across the three experiments; see Figure 5). Moreover, we found no evidence for heterogeneity across the three experiments in our meta-analysis, suggesting that the EEB effect is of a similar, comparative magnitude across our studies, including behavioral and online experiments. Thus, these results suggest that this audio-visual EEB task can be implemented online and does not necessarily require another participant to be physically involved. 
Despite finding comparable effect sizes across our studies, we found statistically significant higher EEB scores (and thus reduced self-other distinction) in the behavioral study conducted in the lab, relative to the online study 2 (see Supplementary Material for direct comparisons on the EEB computed scores between studies). Whilst one possible explanation is that increased EEB is observed when the other person is physically present, we think this is unlikely. Indeed, if that was the case, we would also have observed differences in EEB scores between our behavioral study and the online study 1. However, no statistically significant differences of EEB scores were found between these two experiments (see Supplementary Material). Instead, we speculate that such difference in EEB is driven either by the larger number of subjects tested in the last online study or by differences associated with the particular samples. For example, it could be the case that people were less susceptible to believing that they were completing the task with someone else in online study 2. 
Interestingly, follow-up analyses conducted on online study 2 indicated that approximately two thirds of participants thought that they had completed the EEB task with another online participant (vs. alone). Moreover, we observed higher EEB in participants reporting that they had completed the task with another online participant vs. alone. However, this difference was not significant at alpha = 0.05 level. Thus, we propose that having another person at least in mind influences EEB. In line with this observation there are previous studies demonstrating that adopting an imagine-other affective perspective leads to a similar brain activation pattern as that observed in imagine-self conditions (e.g., Decety et al., 2013) but for this vicariously instigated brain activations to happen, people need to imagine the emotional state of another (Decety & Grezes, 2006) or at least simulate it based on what they would experience themselves in a similar comparison situation (Steinbeis & Singer, 2014) which is unlikely to have happened for participants in our study who thought they had completed the task “alone”. Nevertheless, future research is needed to elucidate if this is in fact the case, especially as it remains possible that some participants might be more susceptible to doubts introduced by additional information at the end of the study, rather than their doubts while they were doing the experiment. To address this point, future work should include a condition where participants are asked to complete this task while imagining (either a prototypical or a specific) a person participating with them. 
	More generally, even though we did not compute a direct comparison of the EEB mean scores across different paradigms, the observed effect in our lab-based study was 3.8 times larger than in the classic visuo-tactile paradigm (Silani, 2013), which speaks to the suitability of audio-visual stimulation to induce strong EEB (see Figure 5). Given that the main variation in this paradigm was employing auditory stimuli, one possible explanation is that auditory cues, are more salient, as compared to tactile. Nevertheless, it should be noted that our observed effect was 1.3 times smaller than in a previous study using visuo-gustatory stimulation (Hoffman et al., 2015); see also supplementary material for a meta-analysis indicating evidence for heterogeneity in effect sizes across visuo-tactile, visuo-gustatory and audio-visual EEB paradigms (Q(2)=7.57, p= 0.023). Thus, it seems that employing different sensory modalities (at least for the self, e.g., tactile, auditory, gustatory) differently shapes our ability to overcome EEB. This is not surprising, as we progressively learn about one’s own emotions –and in turn that of others– through different sensory channels and their integration, with some senses, such as private ones, likely playing a more prominent role in self-awareness (Tsakiris, 2011). However, given that we cannot fully discard the possibility that these differences across paradigms are related to natural differences associated with the samples, future studies should compare different EEB paradigms within the same participants. 
Finally, our results indicate a general effect of congruency. Thus, people’s emotional ratings are judged as less pleasant or unpleasant (i.e., closer to zero, see Figure 3) when they are experiencing incongruent vs. congruent audio-visual stimuli (see Figure 3). These effects could be associated with unspecific conflict detection or incongruence monitoring (e.g., Hoffmann et al., 2015; see also Lindsay & Jacoby, 1994). Importantly, such effects were also observed in prior research using visuo-tactile (Silani et al., 2013) and visuo-gustatory (Hoffmann et al., 2015) versions of the EEB and thus do not seem to be modality specific. Nevertheless, this congruency effect stresses the importance of including self-related judgements as a control condition. Indeed, even though such effects of congruency are also present in the self-judgement condition, these effects were larger for emotional judgements for the other (as also depicted in the computed EEB score). In addition to this congruency effect and in line with past research (e.g., Silani et al., 2013), our findings also suggest that EEB is of similar size for pleasant and unpleasant emotions. In other words, there seems to be a similar degree of EEB when one is experiencing a pleasant emotion and the other person an unpleasant emotion and vice versa. Consistent with the theory of predictive coding, recent research suggests that our brain automatically tends to anticipate others’ future mental states by using psychological dimensions such as valence to anticipate their state trajectory likelihood (Thornton, Waeverdyck, & Tamir, 2019), which elicits the question of whether similar effects are being observed here. That is, does our brain more easily anticipate another person’s emotional state when their emotional state is congruent vs. incongruent to our own (e.g., see also Thornton & Tamir, 2017 for work on state transitions and state similarity)? 
4.2	Exploratory findings on EEB and individual differences
Turning now to our exploratory findings on EEB and individual differences, the EEB task allows to investigate the self-other distinction in the context of affective experience. Consequently, hypotheses in relation to alexithymia and body awareness, which have distinct implications for emotional and self-other distinction processes, were informed by two different perspectives on the EEB task. First, consistent with a primarily emotional approach to EEB, we expected on the one hand, a negative association between alexithymia and EEB, given that people with higher alexithymia present emotion-processing deficits (e.g., Roedema & Simmons, 1999), possibly making them more susceptible to other’s emotional states, as indexed by lower EEB. On the other hand, consistent with a self-other distinction approach, we expected a positive association between alexythimia and EEB. However, we found no evidence for a relationship between EEB and alexithymia, despite theoretical postulations (e.g., Lane & Schwartz, 1987; Singer et al., 2004; Singer & Lamm, 2009) and experimental studies (Bird et al., 2010; Guttman & Laporte, 2002; Moriguchi et al., 2007) suggesting a negative association between alexithymia and empathy. Moreover, our findings are consistent with research on clinical depression showing altered EEB, independent of alexithymia (Hoffmann, Banzhaf, et al., 2016). Similarly, while interoception has been implicated in empathy (Grynberg & Pollatos, 2015) as well as in the intensity of an individual’s own emotional experience (Barrett et al., 2004; Pollatos et al., 2005), we found no relationship between body awareness (typically used to assess interoceptive sensibility, Garfinkel et al., 2015) and EEB. However, future research is still needed to examine whether the absence of significant findings extend to other dimensions of interoception, such as interoceptive accuracy and awareness, beyond self-report measures. 
While null results cannot be easily interpreted, the lack of significant correlations suggests that even though body awareness and alexithymia play a general role in empathy (e.g., Fukushima et al., 2011; Singer et al., 2004; Singer & Lamm, 2009), these features may not relate to one’s EEB. We speculate that the lack of association between these features, and particularly alexithymia, is related to the fact that body awareness and alexithymia may be primarily implicated in the affect sharing component of empathy, whereas the EEB task primarily taps into the self-other distinction component in the context of affective experience (e.g., see Steinbeis, 2015 ). Even though our paradigm did not measure affect sharing itself, post-hoc analyses indicate that the higher the alexithymia, the lower the “emotionality” in response to both pleasant and unpleasant stimuli in the EEB task (see supplementary materials). In other words, higher scores of alexithymia were negatively correlated with the perceived pleasantness or unpleasantness of emotional judgements. Thus, while the degree of alexithymia appears to have a general influence in the affective experience of our task, these differences in affective experience do not seem to extend to understanding other’s emotional state in relation to one’s own.  
However, we show a positive relationship between negative social potency and EEB, suggesting that the more someone has callous and inconsiderate traits towards others, then the more difficult it is for them to overcome EEB. This finding is in line with recent postulations about certain psychopathologies such as narcissism (Emmons, 1987; Exner, 1973) or psychopathy (Blair, Mitchell, & & Blair, 2005; Bresin, Boyd, Ode, & Robinson, 2013; White, 2014) and their relationship with egocentric tendencies, particularly in the emotional domain. For example, psychopathic individuals present affective deficiencies and arrogant, deceitful interpersonal traits (e.g., callousness, lack of remorse, egocentrism, etc; White, 2013, 2014) as well as an atypical pattern of brain activation when imagining the emotional experience of others but not their own (Decety et al., 2013). Here we extend this notion to suggest that individuals with these traits (as measured by higher negative social potency) may in fact over-impose their own emotional states when judging that of others. We speculate that this is because these individuals might ‘negate’ the (emotional state of the) other. However, given recent research suggesting that we predict other’s mental states trajectory based on three psychological dimensions: rationality, social impact, and valence (Tamir et al., 2016; Thornton et al., 2017), other studies are needed to examine whether these psychological dimensions may moderate such effects. 
4.3	Limitations and future directions
	Our findings should be considered in light of limitations and directions for future research. First, it is worth noticing that while we relied on comparisons in the same type of “public” sensory domain, it would be difficult for our paradigm to disentangle neural signals. Thus, potential users of the new task aiming to examine neural processes are recommended to employ the classic EEB task developed by Silani et al. (2013), as the comparison of vision (public) and touch (private) sensory inputs allows better distinguishing between modality specific neural signals. Second, given fluctuations in EEB across the lifespan (Riva et al., 2016) we recruited only healthy adults. Future research can examine its effects in other stages of development. The easy implementation of the audio-visual EEB can facilitate research in this area. Third, even though we controlled for same-gender pairs in our behavioural study in the lab, we were unable to do this for the online studies. Thus, we cannot know whether participants thought they were completing the EEB task with a same- or different-gender other. Future research is needed to examine this matter, as well as whether the gender of the other participant plays a role in overcoming EEB. Finally, future research should examine what other individual differences, as well as socio-contextual factors, are at play. 
In sum, our main finding suggests that this audio-visual EEB task is able to detect the existence of EEB in healthy adults, both in the lab and online studies. Importantly, this new version is easy to implement and allows us to examine EEB even when another person is not physically present. Lastly, given the increasing use of online testing in many research areas, audio-visual stimulation makes this task viable for online studies. 
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